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Introduction
Additionally, the CART technique can be used to select the variables that are most important 211 to discriminating two factors (Berk, 2016) . The CART-based model was first set up on a 212 calibration dataset (representing 80% of the total spectra) and then validated on a validation 213 dataset (representing 20% of the total spectra). A confusion table was then produced to validate 214 the model. Model performance was evaluated using the following parameters: accuracy represent the number of wild-type or sweet11-1sweet12-1 spectra that were incorrectly 221 classified by the model. The multivariate analyses were performed in the ChemFlow interface 222 within Galaxy (https://vm-chemflow.toulouse.inra.fr/). floral stem vascular tissues. 226 In the Arabidopsis floral stem, vascular tissues are organized as a series of vascular 227 bundles that are linked together by interfascicular fibers (Fig. S1A) . In each bundle, specialized 228 conducting cells are subjected to high pressures to ensure sap flow, with hydrostatic pressure 229 reaching upwards of 30 atmospheres in the sieve elements (Sjölund, 1997) while the xylem 230 vessels are characterized by negative pressure. Cell-specific cell wall composition is a crucial 231 part of conferring resistance to such pressure. A majority of the previous research has focused 232 on deciphering xylem cell wall composition, while phloem tissue has received limited attention.
233
By harnessing the spatial resolution provided by Synchrotron light (8x8 µm acquisition 234 zone), we acquired spectra for phloem and xylem tissues of the Arabidopsis wild-type floral 235 stem ( Fig. S1A ). Spectra were baseline corrected, area-normalized and the average spectrum Table 1) , and these results are in agreement 245 with previous observations from Arabidopsis thaliana that showed that G-type lignin is 246 responsible for the extra-thickening of the xylem vessel cell wall (Schuetz et al., 2012) .
247
Additionally, the loading plot highlights several wavenumbers (1045, 1369, 1230-1235, 1743, 248 1245, 1735-1740 cm -1 ) that are related to hemicellulose enrichment in xylem cell walls, as has 249 been previously reported for the Arabidopsis floral stem ( are not an abundant component of secondary cell walls. However, pectin methylesterification 255 appears to be a prerequisite for the lignin modification that occurs during secondary cell wall 256 deposition in xylem cells (Pelloux et al., 2007) . In addition, several Arabidopsis mutants that 257 are deficient in various pectins have been shown to present defects in secondary cell wall 258 formation (Persson et al., 2007; Lefebvre et al., 2011) .
259
Regarding phloem cell wall composition, the loading plot of PC1 reveals numerous 260 wavenumbers related to pectic polysaccharides, cellulose and hemicelluloses ( Fig. 1C and 261 Table 1 ). For instance, the bands at 1639 cm -1 and at 1677 cm -1 are characteristic of the -COOH-262 group of acidic pectins present in the primary cell wall (Mouille et al., 2006) , while 263 wavenumbers at 1111, 1157 and 1550 cm -1 describe cellulose polymers (Table 1) . Additionally, 264 wavenumbers at 1442 and 1475 cm -1 were unique for phloem cell walls. The 1442 cm -1 band 265 has been previously reported to describe the hypocotyl primary cell wall of a cellulose-deficient 266 mutant, but the functional group that it represents still needs to be verified (Mouille et al., 2003) .
267
Overall, these results suggest that the cell wall composition of phloem tissue, including phloem 268 parenchyma cells, companion cells and sieve elements, is more closely related to primary cell exploring the cell wall heterogeneity that exists among different vascular cell types.
283
Phloem cell wall composition is impaired in the double mutant sweet11-1sweet12-1. 284 In addition to presence in the xylem tissue, SWEET11 and SWEET12 expression has 285 also been detected in phloem tissue, with the signal most probably arising from phloem 286 parenchyma cells (Chen et al., 2012; Le Hir et al., 2015) . Since the double mutant sweet11-We previously postulated that the maintenance of sugar homeostasis among the xylem 343 parenchyma cells and xylem vessels/fibers influenced the production of a normal cell wall (Le
344
Hir et al., 2015) . Here, we show that it also constitutes a limiting step for the formation of Fig. 3 and Supplementary Fig. 3 ).
368
The average Raman spectra for the various xylem cell types show that xylem fiber cell 369 wall composition differs in comparison to what was observed in the other two cell types 370 ( Supplementary Fig. S3A ). To test whether these differences were statistically significant, we ). There were no significant differences in the ratio of C-H bonds to C-O bonds between cell 380 types ( Fig. 3C) . Therefore, the observed differences between cell walls between VV, VF and 381 FF can mainly be attributed to a lower intensity of the aromatic ring stretching vibration 382 (1598 cm -1 ) in the cell walls between xylem fibers ( Fig. S3A) (Özparpucu et al., 2017b) .
383
To further identify Raman shifts associated with different xylem cell types, a CART- The classification trees have been generated by the CART method after ten-fold crossvalidation of the calibration dataset model, which was built using the 1800-1000 cm -1 range from the Raman spectra of cell walls between two xylem vessels (A), between a xylem vessel and a fiber (B) and between two xylem fibers (C). The decision-making process involves the evaluation of if-then rules of each node from top to bottom, which eventually reaches a terminal node with the designated class outcome (WT: wild-type and DM: sweet11-1sweet12-1). The numbers in each terminal subgroup stand for the number of either WT or DM spectra. 
Figure Legends

